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ABSTRACT 

Interest in physiology/cognition relations is 
increasing, in step with the realization that the individual ages as 
a whole, adaptive, living system. If a physiological system declines, 
a person's cognitive abilities may be reduced, unless some 
compensatory mechanism operates. Understanding this set of 
relationships permits pof^ntial interventions. This study explored 
the influences of blood pressure on memory for designs and Wechsler 
Adult Intelligence Scale vocabulary performance in terms of seven 
theoretical models which test not only for lineer effects but for 
effects having a more complex, nonlinear time-lagged form as well. 
Each of a large number of hypotheses was tested twice, first with 
svstolic, then with diastolic pressure variables. The 25~year data 
base of the Baltimore Longitudinal Study of Aging was used. 
Significant complex relationships between olood pressure and 
cognition w>?re found. The theory that best fits results of this study 
is that optimal pressure delivers optimal oxygen to the brain, and 
optimal pressure depends on the state of the whole system, maintained 
and adjusted by age related feedback loops connected to both blood 
pressure and cognitive adaptive ./stems. The use of nonlinear, lagged 
multivariate models is recommended, since these hypotheses received 
support. (Author/ABL) 
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Abstract 

Interest in physiology/cognition relations is increasing, in step with the 
realization that the individual ages as a whole, adaptive, living system. If a 
physiological system declines, a person's cognitive abilities may be reduced, 
unless some compensatory mechanian operates. Understanding this set of 
relationships permits potential interventions. 

This paper explores the influences of blood pressure on memory for designs 
and WAIS vocabulary performance in terms of seven theoretical models which not 
only test for linear effects but for effects having a more coa?)lex, nonlinear 
time-lagged form as well. Each of a large number of hypotheses was tested 
twice, first with systolic, then with diastolic pressure variables. These 
studies are summarized in this brief paper under metamodel descriptions (e.g., 
"change influences change"). The 25-year data base of the Baltimore 
Longitudinal Study of Aging was used. Significant complex relationships 
between blood pressure and cognition were found. The use of nonlinear, lagged 
multivariate models is recommended, since these hypotheses received support. 
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Literature published mainly in the last thirty years indicates that there 
has been considerable interest in the relation between physiological variables 
and cognitive performance* This interest increases when aging is a factor 
under consideration. In any canplex living system (Miller, 1978) one system 
(e^g*, a cognitive one) is often influenced by another system (e.g,, a physical 
one). This is important for older persons in particular since for them various 
physical systems often become less functional. If a physiological system 
declines, the person^s cognitive abilities may also decline, unless sc^e 
compensatory mechanism begins to function. It seems important, then, to gather 
all the information we can on the effects of physiological decline on cognitive 
performance so that we can better understand causes of cognitive decline (or 
improvement) with age. Understanding physiology/cognition relations also 
permits possible physiological interventions that could indirectly improve 
cognitive performance. 

In this paper, then, we discuss the influence of physiological variables 
on cognition by specifically examining the effect of one such variable, blood 
preijsure, on two cognitive variables, WAIS vocabulary pe'^formance and memory 
for designs (Benton Visual Retention Test), A large number of specific 
hypotheses were tested. In this paper these tests are summarized by means of 
several theoretical models, some of which describe effects having more than 
a simply linear form. This study also Is rare In that it contains data from a 
twenty-five-year data base which permits effects with long la:; times to become 
evident. If they exist. 
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Models used in the past 

There have been a surprisingly large number of sipirical physiology/ 
cognition studies; 122 relevant rqports have been published* Yet previous 
studies of this type used very few of the possible models by vdiich we might 
relate physiological and cognitive performance* Various models might describe 
the relaticxiships of interest in these stiadies* 

Such models differ in terms of ^rfiether level or change are examined, 
whetter effects are iitinediate or delayed, v?hether effects are linear or nonli- 
near, vrtiether effects are reversible or irreversible, whether effects are cumu- 
lative or not, whether dynamic homeostasis is a factor, and v^ether other 
factors (such as health status) are included in that model. 

First (Model 1)^ it is possible to have linear relatiaiship between the 
level of a physiological variable at a certain time and the level of a 
cognitive variable at that time. For example, the higher one^s blood pressure 
at a given time, the poorer one*s memory for designs may be at that tine. 
This is consistent with an immediate, reversible effect of physiology on cogni- 
tion, one in which increments in variables are proportional. Whoi pressure 
value increases, cognition decreases proportionally. Whatever the effect of 
blood pressure, the model assumes that if pressure was high and if pressure 
drops, the cognitive effect will not remain but will reverse to follow pressure. 
Only one time point is examined in such a model. As will be shown later, this 
model describes the majority of the physiology/cognitiai studies performed to 
date. 

However, second (Model 2), it is also possible that not level but change is 
important, and that a change in physiology is linearly related to a change in 
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cognition. For example , blcxxi pressure is measured at two tines and notory for 
designs is iteasured at the sane two times. The difference between Tiine 1 and 
Tine 2 is calculated and used in analyses. This model is consistent with an 
iinraediate, reversible change effect in v^ich incrarents are proportional, and in 
which cognitive changes alter direction wten pressure changes alter direction. 
It also deinands seme form of a longitudinal study. 

Third (Model 3). one can imagine a situation in Wh ch the level of a 
Physiological variable at tims one is related linearly to the change in a 
cognitive variable in the period between Time 1 and Time 2. For exanple, 
systolic pressure at tine one may be proportionally related to the amourt of 
decline in m^tory fron Time 1 to Tine 2. This is consistent with a long 
term irreversible cumulative effect, the amcxant of the change (absolute change 
or positive change or negative change, depaiding on the hypothesis) being 
linearly related to the level of the physiological variable. 

Fourth (Model 4), it is possible that the amount of change (absolute 
change, positive change, or negative change, d^)aiding on the hypothesis) 
in the physiological variable betw&en Tine 1 and Time 2 is linearly 
related to the level of the cognitive variable at tine 2. 5t>r exanple, 
perhaps persons with very labile pressures over a period of tine gradually 
"wear down" tha whole syston so that with each incratent in "wear and tear" 
cones a lower memory scora at Tiite 2. This is consistent with a long term, 
irreversible, cumulative, prpportiaial effect in ^ich these "semi-lagged" 
correlations were high ey^ if presfmt-tine correlations ware not. 

The fifth model (Model 5) (or set of models, in this case) is oie in 
which in an^ of the previous models the effect is "lagged" in a greater degree 
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than in Model 3. In other words, expanding on the first model, the physiologi-- 
cal variable level at Time 1 is linearly related to the cognitive variable 
level at a later time, ^ine 2. For exanple, a high blood pressure at age 20 
may be related to a poor manory at age 30 and 40 (but not at age 20) . This 
model adds the supposition that cumulative insult takes time to add 

The sixth model (Model 6) (or set of models, in this case) contains 
nonlinear variants of each of the preceding models. It is possibly (to 
extend model one) that sane optimal level of a physiological variable exists 
that effects a cogiiitive variable level, <xie such that too much or too 
little has a negative effect but a moderate amount of that variable has a posi- 
tive effect. It is also possible that a threshold exists such that once a cer- 
tain level is reached, the effect is presoit, but not before (Birren's 
discontinuity hypothesis; Eisdorfer, 1977). An exaiqple of this latter sub-model 
is the idea that once one has had high blood pressure, perxnanait vascular damage 
and therefore permanent cognitive damage results. 

Since blood pressure dataware gathered more frequently than at Tines 1,2,3, 
certain additional data points were involved in creating the nonlinear 
("transformed") blood pressure change variables, and to avoid unnecessary 
ccraplexity or confusion later they will be described here. A "transfomed 
change #1" included all the changes calculated between sets of two consecutive 
data points f rem the time the respondent starts being tested until the usual 
Change 1 aidpoint at Time 2 ( Change 1= T2 minus Tl? see Model 2). A 
"transformed change #2" included all the changes calculated between sets of two 
consecutive data points from the normal start of the Change 2 interval (i.e.. 
Time 2) to the normal end of the Change 2 interval (i.e.. Time 3) (Change 2 = 



ERIC 



7 



Models 
6 

T3 minus T2: see Model 2). A transformed change #3" Included all the changes 
calculated between sets of two consecutive data points from the time the respondent 
starts being tested until the usual Change 3 erdpoint at Time 3 (Change 3 = T3 minus 
Tl; see Model 2). The reader may see on pages 15 and 16 that respondents with too 
few data points were not permitted to remain in the sample. 

Finally, a seventh model (Model 7) (or set of models, in this case) supposes 
that sonie sort of dynamic regulation is occurring so that one variable compensates 
for or amplifies another in such a way that the system remains viable. Thus several 
joint effects must be considered. For example, memory may be negatively affected if 
systolic pressure is high in an older person who has igw diastolic pressure and in a 
yoyinqer person who has hicrh diastolic pressure. Thus, in any of the models above, 
joint effects might enter in and compensatory effects might wash each other out. 

The models may therefore be regarded as theories. While specific hypotheses 
are tested, results also speak to theory . This distinction is an important one in a 
paper such as this where results of many hypotheses tests must be summarized very 
briefly under the banner of a model presenting the "big picture". 

Published or presented empirical studies relating physiological variable(s) are 
sunmarized in Table 1. We attempted to be exhaustive, but did limit the review to 
studies of adult humans published in English language journals. Studies are 
categorized by the implicit model the researcher appeared to use. Information is 
given in the Table about respondents who were studied, variables used, and results. 
The final entries in the Table are for studies testing some form of the "terminal 
drop" hypothesis in which survivor status is the "physiological variable" in 
question, albeit a gross one. It is 'abundantly clear from the Table that the great 
majority of studies test Model 1. There is support for the hypothesis that 
physiology is related t;c cognition. 
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Insert Table 1 about here 

Blood pressure effects 

In this p^r we are focusing on blood pressure effects in our tests of 
the models. For the studies in Table 1 invclving blood pressure ^ the general 
hypothesis is that elevated blood pressure is associated with poorer cognitive 
performance. 

The main acc^ted explanations for the hypothesized association are best 
e)q)ressed by Miller, Shapiro, King, Ginchereau, and Hosutt (1984); all depend 
on the mediation of the central nervous systaod (CNS) . One accepted 
explanation is that elevated blood pressure may have detrimental effects on 
the central nervous system as it does on the heart and kidneys, and such 
CMS effects would be seen as a performance change. One effect of hypertension 
is a higher probability of cardiovascular disease (CVD). CVD is related to 
slower alpha rhythms in the EBG and increased delta, and therefore to poten- 
tially diminished creative/generative thought (Ctorist and Bissell, 1955). 
A second potential explanation is that basic CNS changes are manifest in all 
systems including both the cardiovascular system and behavioral systems. 
Third and fourth potoitial explanatiais are that built in genetic factors or the 
passage of time itself bring about both cardiovascular disease and performance 
impairment. Jidditional potential explanaticxis are based on the need for oxygen 
in all tissues including the brain, and suggest that scxie optimal pressure would 
lead to cptimal delivery of oxygen and removal of waste products. Such optinal 
pressure would be modified by the state of the whole systen, and would vary 
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based on health and context factors. For an older respondent with narrowing of 
blood vessels, then, higher pressure would be desirable, not detrimantal, for 
good performance because it would iTiean that the systan is getting v^at it needs 
to function. The system seems to be so sensitively regulated that even vrtien 
persons face only a short term "difficult'' task, or nental arousal, the systan 
delivers a higher pressure (Caitrada, Wright, and Glass, 1984; Caiway, Boon, 
Jones, and Sleight, 1983). The alternative dynamic potential descriptions just 
described do not preclude feedback loops. Performance may influence physiology 
(in this case, blood pressure) just as physiology influences performance. The 
evidence in Table 1 studies can best be described as offering limited support 
for the hypothesis that blood pressure iiifluoices cognition. 

Purpose of this study 

In this paper we will describe results of testing the general hypothesis 
that bloc" pressure influences cognition, using the models described above. 
The key variables involved in these analyses are blood pressure, WAIS 
vocabulary, and Benton Visual Retention Test errors (BVRT) data fron the 
Baltimore Longitudinal Study of Aging. This analysis suppleitents previous 
research by increasing the variety of relations ejcamined and doing so in an 
extensive longitudinal data base. 

Method 

Subjects 

Respondaits were manbers of the Baltimore Longitudinal Study of Aging 
(BLSA). Characteristics of this subject pool are described in Shock et al. 
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(1984). Respondaits were unpaid volunteers, generally of high socioeccnanic 
status and white. Most of them resided in or near the Baltiroore-^^ashington 
area; on the whole they were healthy, highly educated, and motivated. Only 
male respondents* data were used since females only recently were admitted to 
the program and therefore had too small and brief a data base. The male subject 
pool (i.e. men studied in the BLSA) included 1142 men between the ages of 17 and 
96 (at last birthday) at the time of initial testing. 

Sane respondents in this pool were excluded from all analyses or from 
selected analyses* Only respondents with at least three data points over time 
(data recorded approximately every 6 years over approximately a 12-year period) 
CXI BVRT or was and blood pressure recorded during the sane visit, were 
included. Those blood pressure data points which were first-visit pressures 
(i.e., measures c±>tained during the respondent's first stay at the Center) were 
excluded due to observed "first-visit stress effects." Those blood pressure 
data points on which right-arm and left-arm pressures differed by two or more 
standard deviations frcra the mean of differences (dDtained from a distribution 
of pressures of all Ss on all visits) were also discarded as atypical. This left 
a group of 290 respondents that will be termed the primary useable sample. 

Sane respondents in the primary useable sanple were selected or excluded 
in later analyses based on age or health criteria. Health selections/exclusions 
focused on presence or absence of cardiovascular problems which would influence 
blood pressure and on use or non-use of blood pressure altering nedications. 
This health screening was based on methods described in Wyscwski, Andres, 
Tobin, Itorris, and Shock (1981). In analyses r^rted below "All" subjects 
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refers to the primary useable sanple, "Young" refers to a group age 20-39 at 
first data point, "Old" refers to a group age 60-79 at first data point. 
Respondents younger than 20 or older than 79 were excluded due to the potential 
effects of several outliers on smaller saitples. Further, in analyses reported 
belov/r "Clean" refers to those respondents who were evaluated for the health 
criteria and who did not shew cardiovascular problems and did not vise pressure- 
altering medications. 

Measures and Procedure 

Three measures were central to these analyses: blood pressure, WAIS 
vocabulary, and manory for designs. Casual systolic and diastolic blood 
pressure was measured during the respondents general physical examination, 
givai each visit, and before venipuncture or any other invasive procedure. 
Pressure was measured in both arras at the level of the brachial artery by 
physicians using mercury sphygmomanaiBters with standard-sized cuffs (14 cm 
X 52 cm) . This took place on the morning of the first day of testing during 
each visit while participants were in a seated position. The right arm 
pressure was used for analyses. Right-left pressures were very highly 
correlated. 

The first cognitive test, the WMS vocabulary subtest (WAIS-V) , is part 
of the Wechsler Adult Intelligence Scale (WAIS) and involves defining 40 words. 
The resulting raw score of 0-2 for each word reflects the respondent's 
understanding of the words. The second cognitive test, the Benton Visual 
Retention Test (BVRT) (Benton, 1963) is a nonverbal manory test mde up of 10 
designs each having oae or more figures. The respcndoit inspects each design 
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for 10s and then reproduces it from memory. The measure is the total errors on 
all 10 designs. The WAIS-V and BVRT in various forms were administered 
individually during a single session, and were repeated approximately every 6 
years. 

Results 

Plan of Analyses 

The plans of analysis for blood pressure effects on BVRT and for bleed 
pressure effects on WAIS-V were the same. The goal was to test the models 
described earlier, all in some way addressing the hypothesis that blood 
pressure is related to cognitive performance. In each case several specific 
hypotheses were tested. 

The first step was to examine descriptive data for levels and changes in 
blood pressure, WAIS-V, and BVRT. Levels were described at each of the three 
time points; changes were described between each two time points. Times 
between Time 1 and Time 2 were always at least six years; times between Time 1 
and Time 3 were at least 12 years; times between Time 2 and Time 3 could vary. 

The second step was to test hypotheses subsumed by models, first using 
ANOVA and the entire primary useable sanfl?le. If blood pressure was related to 
cognition, ANCOVAs were calculated to remove the effects of age statistically. 
Step wise regression (MR) analyses with age entered first and blood pressure 
entered second a^ predictors were also carried out (and proved to be more 
sensitive than ANOVA) followed by ANOVA and MR on age/health subsamples drawn 
from the primary useable sample. All models were tested In this way for Time 1 
data, Time 2 data. Time 3 data, changes T1-T2 data, changes T2-'T3, and changes 
T1-T3 data. 
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Finally; if a hypothesized relationship between blood pressure and 
cognition was suj^rted in one subgroup, attarpts v?ere made to r^licate 
that finding in other subgroups or on other analyses in vdiich it v?ould also 
reasonably be e35)ected to appear. In this way the large data base provided 
for replicatiais and for rejection of chance findings. It was also possible 
with this data base to examine stability of individuals* scores. Analyses 
which offered statistically significant su^^rt (p<.05 or less) for a model are 
givea in this paper. A Icwer alpha was not chosen since a lower alpha choice 
would preclude reporting multiple correlations with very large absolute values 
detained in subsaitples with a small N. 

In tte results reported below, blood pressure— v*en categorized for use 
as an ind^)aident variable in an ANOVA model — was grouped as follows: 
systolic— > 140, 130-139, 120-129, < 119; diastolic— > 90, 80-89, < 80. 
The upper cutoffs (> 140 systolic, > 90 diastolic) were chos^ to conform 
with clinical diagnostic criteria and with descriptive analyses of the 
sample. 

Study I 

Relations Between Blood Pressure and BVRT 
Analyses were first done with BVRT error scores, which have beoi shown 
to increase with age (Arenberg, 1978). Individuals demonstrated a considerable 
range of variation over time resulting in rather low stability coeffici^ts. When 
Tl, T2, T3 blood pressure levels were intercor related, the range of correlations 
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was (118 ~ 246) .40 to •SB* When Tl, T2, T3 BVRP errors levels were inter- 
correlated r the range of correlations was (279) .50 to •67* When changes in 
pressure T1-T2, T2-T3, were in tercor related r the correlation was SYS (111) - •35 
and DIA(219) - •46* When changes in BVRP errors Tl-T2r T2-T3r were inter- 
correlated, the correlation was (279) -•40* Although scattered results were 
significant for each model , only Models 6/7 received strong support • So, caly 
Model 6/7 (i,e» nonlinear effects examined in age/health subgroups) significant 
results will be r^)orted in any detail ('fable 2)» 

Test of Model 1; Level Effects Level , This model is based on the 
hypothesis that level of blood pressure is linearly related to level of L^^tbt 
errors at any one tinse. Analyses of covariance (ANCOVA) which controlled for 
age in assessing effects of blood pressure on BVRP, and MR analyses in which age 
was altered first, before blood pressure, with BVRT dependait were calculated at 
each of the three Time points. ANCXDVAs and MRs for systolic pr2ssure effects 
were nonsignificant at Time 1 and Time 3, but were statistically significant at 
Time 2. AMC30VAS and MRs for diastolic pressure effects were found to be minor 
and nonsignificant* Thus the first model was not supported to any extent. 
Since pressure at any Tims was correlated highly and significantly with the 
highest pressure prior to that point (correlation range = ,70 to .84), and 
since pressure at the Time point had no significant effect on performance, we 
decided prior pressure would not differ in its effects and therefore the 
"irreversible effects" form of Model 1 (i.e., the model that hypothesizes that 
effects linger, attenuating later correlations) was not worth testing* 
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Test of Model 2; Change Effects Change ^ This model is based on the hypothesis 
that a change in blood pressure will lead linearly to a change in BVRT errors* 
Change was calculated between all three pairs of Tiine points. Change 1 was 
equal to Time 2 measure niinus Time 1 measure; change 2 was equal to Tine 3 
measure minus Tims 2 measure; change 3 was equal to Time 3 measure minus Tine 1 
measure. Relations beLwe^ pressure changes and simultaneous BVRT performance 
changes were not significant for either systolic or diastolic pressure. 
Test of Models 3 & 4s lavel Effects Change; Change Effects Level . The first of 
these two models tests the hypothec * 3 that level of blood pressure inf luoices 
the change in BVRT performance over the next time period. The second of these 
two model tests the hypothesis that a change in blood pressure inf luaices the 
''evel of BVRT errors at the end of that change period. Analysers failed to 
demonstrate significant effects for either systolic or diastolic pressures, for 
either model. 

Test of Model 5: Delayed Effects , This set of models tests hypotheses that 
effects in the first four models occur, but are delayed. In other words it tests 
whether an earlier pressure linearly effects a later test of performance* 
ANCOVAs and MRs were repeated, this tim looking at Time 1 level effects on 
levels at Times 2 and 3, Time 2 level effects on Tine 3 levels, change 1 effects 
on change 2, Time 1 level effects on changes 1, 2, and 3, and change 1 effects 
CXI T'jne 3 levels. Since only two significant effects were obtained in MR analy- 
ses, this model was rejected. In the delayed levels-effect-levels MR analyses, 
pressure did not add significantly to the r2 for age.l 
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Test of Model 6; Nailinear Effects; Cumulative Effects . This set of models 
tests the hypotheses that sane optimal (or catastrophic) pressure exists that, 
effects performance, or that scroe accumulated number of insults related to 
pressure are associated with effects cxi performance. This model has as an 
underlying assunption that damage caused by pressure is irreversible. Several 
different ways of ccncqc)tualizi-»g this model were created by in some way 
weighting or selecting BP scores that reflected crit:ical pressure or curvilinear 
effects ("transforming" variables; see page 5) . One was to relate highest prior 
pressure or positive change or mean pressure or change ^^ior to cognitive per- 
formance, since the highest pressure or change the system ever had to bear might 
be a critical value. Another was to relate the mean of squared prior pressures 
or the square root of the mean of squared prior pressxires to performance, to 
we-ujht for the damage caused by earlier accumulated insults. A third was to 
relate the mean number of extrone (X + one sd) pressu*:cs to performance, to 
see if the frequency of insult to the system (as c^sposed to the degree of 
insult) is a factor in cognitive performance. A fourth was to relate the nean 
value of extroiB pressures to performance. A fifth was to weight extreme prior 
pressures by making other than extrare pressures equal to zero or by doubling 
extrone pressures. These data manipulations were performed for systolic and for 
diastolic pressures. P3XXNA and MR analyses were performed, as usual. 
Simultaneous and delayed analyses were done, and both level and change scores 
were examined. Respondents from tlie primary xiseable sanple who had fewer than 5 
pressure data points prior to Time 2, or fewer than 8 pressure data points prior 
to Time 3 were eliminated from these analyses. 
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For diastolic pressure, mean number of negative diastolic changes 
up to and inrluding Tiros 2 negatively related to the chai>ge in errors fron Time 1 
to Tiias 2. Model 6 therefore received scxie suK>ortr but it was too miniirul to 
merit inuch attention. 

Test of ^fodel 7: Joint Effects and Jorpensatory Processes . This set of mcdels 
tests b^potheses that systolic and diastolic pressure jointly influence 
performance, that pressure regulates itself by adjusting downward after an 
i?)Swing or adjusting upward after a downturn to maintain a person ^s own usual 
level, and that additional variables like age or medication use have effects on 
ulie relations between pressure and performance. Earlier analyses were r^)eatedr 
with modifications. 

Joint effects were examined using two approaches: 1) entering the 
crossproduct of systolic and diastolic pressures into the MR equation after age, 
systolic alone, and diastolic alone; and, 2) examining selected subgroups 
which had specific patterns of high or lew or changed systolic and diastolic 
pressures. (The latter were tested in old respondents oily, and will be 
discussed below with the Old grcfop results.) The crossproduct of systolic and 
diastolic scores was not found to contribute significantly to the MR equation 
after age, systolic and diastolic terms had been entered. In this first test 
(using all Ss, not sizbgroups) the joint effects hypothesis was not supported. 

Additional variables of age and health status may modify the relatiaiship 
between pressure and errors. (Certainly there are many more variables which 
also do so, but, for the time being, these two were chosen as most relevant.) 
The age variable had been addressed earlier by sinply eliminating age statisti- 
cally. (In spite of the restricted age range of age subgro^s, age was still 
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frequently a significant predictor of BVRT errors). However, it is highly 
possible that in a dynamic adaptive system, the very nature of relations might 
be differoit for older or younger systems. So rather than eliminate age, it 
might nake more saise to target age groups for nore intense analyses. 
Ccnsequaitly, analyses already mentioned were repeated for subsets of older (age 
60-79) or younger (age 20-39) respondents. Health status/msdicaticn use 
descriptors were described earlier; thsse were used to group for "health 
status". "Clean" indicated that tlie respondent did not show cardiovascular 
synptcras or use pressure altering medications. So, significant analyses will 
now be r^x^rted and contrasted for iie All Clean subsauple (N = approximately 
142), the Old subsaitple (N = aK>ruidjnately 51), the Old Clean aubsairple 
(K = approximately 28), the Young subsauple, (N = approximately 55), and the 
Young Clean subsample (N = ^proximately 32) . 

The delayed effects model (Model 5) was examined again for the five 
subsairples. Model 5 received seme very miniital contradictory results, and 
therefore the model was not supported. 

Transformed data were analyzed for subgroi:5)s in this Model 7 re-analysis 
of Model 6. A large nuii4)er of significant resialts ware found. Significant 
results are in O^w^ 



Insert Table 2 here 



For the Ml Clean group, there were several significant effects. The mean 
nurtiDer of positive diastolic changeSup to and including Time 2, positively 
related to error change fron Time 1 to Time 2. The mean number of very negative 
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diastolic ciiange^ (1 sd or less from X of changes) up to and including Tiine 2, 
negatively related to error at both Time 2 and Time 3. The number of positive 
diastolic changes up to and including Time 2 related positively to error change 
from Time 1 to Tiire 2; the opposite was true for negative changes in pressure. 
The mean number of very positive systolic changes (i.e. 1 sd or more frcm the X 
of changes) up to and including Time 2 negatively related to change in errors 
from Time 2 to Time 3. Mean systolic change up to and including Time 2, when 
large positive changes were weighted, negatively re^^ted to error change fran 
Tims 2 to Tine 3. The nean systolic change, and the mean number of positive 
changes, or ^ ne itean ciiange with negative changes weighted, frcm Time 2 to Time 
3 negatively related to error change fron Time 2 to Time 3. 

For the Old subgroup there were several significant effects. The square 
root of mean squared diastolic changes up to and including Time 2 negatively 
related to error at Time 2. The highest diastolic change Time 2 to Time 3, 
negatively related to error at Time 3. The hrjhest diastolic change to and 
including Time 2, negatively related to the change in errors frcm Time x to Time 
2 . The highest systolic change frcm Time 2 to Time 3 negatively related to 
error level at Tims 3. Mean systolic change, mean number of positive changes, 
and the mean change with positive changes weighted, frcm Time 2 to Tin^ J nega- 
tively related to error at Time 3. The mean number of negative systolic changes 
from Time 2 to Time 3 positively relata? to error at Time 3 . The mean number of 
positive systolic changes up to and incliading Time 3 negatively related to error 
at Time 3. The mean number of negative systolic changes up to and including 
Time 2 negatively related to the error change frcm Time 1 to Time 3. For the 
Old Clean subgroup there were several significant effects. The mean number of 
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very positive diastolic changes up to and including Time 2 negatively related to 
error at Tine 3. Mean systolic change up to and including Time 3/ and the nean 
number of positive changes, negatively related to error at Time 3. Mean systo- 
lic change and the mean number of positive changes frcsn Time 2 to Time 3 negati- 
vely related to error change, Tiroe 2 to TiiTiS 3. Mean systolic change up to and 
including Time 2 positively related to error change f ran Tims 1 to Time 3 • The 
wean number of negative systolic chc^nges up to and including Time 2 negatively 
related. to error change Tine 1 to Time 3. The rfte^an very negative systolic 
change up to and including Time 2 positively related to error Tiioe 1 to Time 3. 
Mean systolic change up to and including Time 3 negatively related to error 
change Time 1 to Time 3. For the Young subgroup there were several significant 
effects. The highest diastolic change up to and including Time 2 positively 
related to error change fran Time 1 to Time 2 and from Time 1 to Time 3. Mean 
systolic very negative weighted change from Time 2 to Time 3, negatively related 
to error level at Time 3. Mean systolic change, very negative changes weighted, 
ijp to and including Time 2 positively related to error change f ran Time 2 to 
Time 3. Tht? mean number of negative systolic changes up to and including Time 3 
positively related to error change from Time 1 to Time 3* The mean number of 
very negative systolic changes up to and including Time 2, negatively related to 
change in error from Time 2 to Time 3, and positively related to change in 
error fron Tine 1 to Tine 2. For the Young Clean subgroup there were several 
significant effects* Mean squared diastolic change as well as the square root 
of those means, up to and including Time 2, negatively related to error at Tine 
2. The mean squared diastolic change, as well as mean square root, up to and 
including Time 2, positively related to change in error fron Tine 2 to Tine 3. 
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The mean number of very negative diastolic changes up to and including Time 2, 
also positively related to change in error fran Tine 2 to Time 3, and related ^o 
fewer errors at Time 2. The nean systolic change, weighted for very positive 
chan9es, up to and including Time 2 negatively related to error change Tims 2 to 
Time 3. 

Joint systolic/diastolic effects were studied in the Old subgroup using 
two additional strategies. These included labeling sub-subgroups as to vrtiether, 
fran Tine 2 to Time 3: (1) systolic rose fran sane lomr figure to > 140 
("high") and diastolic did not go up; (2) systolic was high and level vrtiile 
diastolic was high (> 90) and level; (3) systolic stayed high while diastolic 
rose to > 90; or 4) systolic and diastolic both rose. Groups did not differ 
significantly in errors, but the first two groups increased in errors vrtiile the 
Icist two stayed the same. N's were very small. In another approach to this 
problCTir systolic pressure was held constant (> 140) fran Tine 2 to Tine 3 and 
those high systolic respondents were further grouped as low diastolic (< 80) or 
high diastolic (> 90). -Results were not significant. 

On the whole there was support for Model 7. Age groups and health groups 
appeared to have different dynamics. To sinplify results greatly, for the 
Old and Old Clean, v:ith age controlled, systolic or diastolic rise or change 
(flexibility) was related to better perfornmce. For the Young with age 
controlled, systolic rise was associated with more errors. For the Young 
Clean, though, a diastolic rise or change at a givai tine was associated with 
better performance at that same tine, but poor performance at a later tine. For 
the All Clean, systolic pressure lises helped and diastolic rises hurt perfor- 
mance* 
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Suimiarv! Blood Pressure and BVRT Errora 

There wis support for the general hypothesis that pressure is related to 
BVRT errors. Host of this support came from Model 7 tests of specific 
hypotheses described by analyses which suggested that systolic or diastolic 
blood pressure rise and the system's ability to fluctuate aid short and longer- 
term performance in the old, but are less clearly valuaLle for the young. 

Stildy-Ii 

Relations Between Blood Pr essure and WAIS-V 
MR analyses were repeated for WAIS vocabulary, which has been shown to be 
stable with age (Arenberg, 1978). Results are in Table 3. In these MR 
analyses, age was entered first and the blood pressure variable was entered 
second to predict WAIS-V. 



Insert Table 3 about here 



Test Of Model 1 : Level Effects Level , This model is based on the hypothesis 
that pressure is linearly related to scores any time. In the MR analyses, 
systolic and diastolic pressure contributed significantly to the equation 
predicting WAIS-V Time 1, the former having a negative weight and the latter 
having a positive weight. So Model 1 received some support. The higher the 
systolic pressure and the lower the diastolic pressures at Time 1, the lower 
the WAIS-V score. 

Tggt; 9f Mode) 2: Change Eff ects Change . This model tests the hypothesis that 

change in pressure linearly effects change in vocabulary over the same time period. 
There was no significant linear effect of pressure change on vocabulary 
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change for the primary useable sample. This model was not supported. 
Test of Models 3 and 4; Level Effects Change; Change Effects Level . This 
test first cddresses the hypothesis that level of pressure influaices change 
in vocabulary scores over the next tL.B interval. It then tests the hypothesis 
that change in pressure over two tine points influences vocabulary scores at 
the second tiite point. Neither hypothesis was supported for the priraary 
useable sairple. 

Test of Model 5; Delayed Effects . This set of models tests hypotheses that 
effects in the first four models occur, but are delayed, so that an earlier 
pressure linearly effects a later vocabulary score. The model received no 
support in the primary useable saitple. 

Test of Model 6; Nonlinear Effects; Cumulative Effects . This set of models 
hypothesizes that sore optimal (or catastrophic) pressure exists that influences 
performance, or that sane accumulated number of insults are associated with 
effects on pressure. 

In general, transformed level variables were not related to vocabulary 
scores, but transformed change variables were. The following relations to 
WAIS-V levels were found. For diastolic pressure there were six significant 
effects. The number of positive changes up to and including Time 2 negatively 
related to vocabulary at Time 3. The mean change from Time 2 to Time 3 positi- 
vely related to vocabulary at Time 3. The mean number of negative changes from 
Time 2 to Time 3, negatively related to Time 3 vocabulary. The mean nuitiDer of 
very negative changes from Time 2 to Time 3, negatively related to Time 3 voca- 
bulary. And the mean change— weighted in two different ways to accentuate very 
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negative changes— from Tine 2 to Tine 3 positively related to Tine 3 vocabulary. 
For systolic pressure, the number of negative changes from Tine 2 to Tine 3 
negatively related to vocabulary at Tine 3. Model 6 therefore received scne 
support. Multiple fluctuation in pressure seened to be associated with lower 
vocabulary scores. The following relations to WMS-V changes were found. The 
highest systolic change fran Tine 2 to Tine 3, the root of squared systolic 
changes during that period, tte nean number of very positive systolic changes 
during that period, and the nean systolic change weighted for high systolic 
positive changes during that period all negatively related to WAIS-V change 
during that period. The nean number of very low diastolic changes, up to and 
including Tine 3 negatively related to WAIS-V change from Time 2 to Tine 3 (and 
from Tine 1 to Tine 3). The nean very low change during that tine positively 
related to both WMS-V changes. Pressure drops seen related to WAIS-V 
increases. 

Test of Model 7: Joint Effects and Coipensatory Processes . This set of 
models addresses the hypotheses that systolic and diastolic pressures jointly 
influence performance, that pressure autoregulates, and that additional 
variables like age or medication use have effects on the relation between 
pressure and performance. Joint effects , \rfiere operationalized as 
crossproducts, were naisignificant. additional variables of age and health 
status/nedication use were used, as before, to form All Clean, Old, Old 
Clean, Young, and Young Clean subgroups. Thai previous model analyses were 
r^)eated. Significant results appear below, and in Table 3. 

Concerning Model 1 (levels) in the Young Clean sanple, both diastolic and 
systolic pressures at Tine 3 significantly predicted vocabulary score at Tine 3 
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and were negatively related to it. 

Concerning Model 2 (change scores) r for the Old group, and even more so 
for the Old Clean group, the change in systolic pressure from Tims 1 to Bros 3 
was positively related to the change in vocabulary scores from Time 1 to Tiros 3* 

Ccnceming Models 3 and 4 (level/change and cliange/level) , for the All 
Clean group, the change in systolic pressure from Tims 1 to Time 3 was 
positively related to vocabulary scores at Time 3. Level never significantly, 
reliably predicted change. 

Concerning Model 5 (delayed effects) , for the Young Clean group, systolic 
pressure change from Tiros 1 to Tims 2 was positively related to vocabulary 
at Tims 3; systolic change from Time 2 to Time 3 was negatively related to 
vxx^abulary at Time 3. For the Old, systolic change from Tine 1 to Tims 2 
negatively inf luoiced vocabulary at Tiros 3 and diastolic change from Time 1 
to Time 2 positively influenced vocabulary at Time 3. For the Young Clean 
group, diastolic at Tiros 1 negatively influenced vocabulary at Tims 3. 

For Mod^il 6 (nonlinear effects), there ware a large number of significant 
findings for transformed change variables but none for transformed levels 
variables. Each entry may represoit several analyses vrtiich agree with each 
other. For tte All Clecin group there were many significant blood pressure 
effects (systolic and diastolic). All of the following negatively related to 
vocabulary level at Tiros 3: mean diastolic change up to and including Time 2; 
mean nurnber of positive diastolic changes up to and including Tims 2; mean very 
negative diastolic change (doubled) from Tims 1 to Tiros 2; and nean number of 
positive changes in diastolic up to and including Time 3. Mean nunter of very 
negative diastolic changes up to and including Time 3 negatively related to 
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vocabulary change from Time 2 to Time 3 and Time 1 to Tine 3. The following 
related to the change in vocabulary from Time 1 to Time 2: the nean number of 
negative systolic changes, up to and including Time 2, negatively related. All 
of the following systolic variables related negatively to vocabulary change fran 
Time 2 to Time 3: the highest change, fran Tine 2 to Time 3; the nean squared 
change, from Time 2 to Time 3; the root of squared change from Tine 2 to Tine 3; 
the mean number of very positive changes, from Tine 2 to Tine 3; the nean 
change "(positive changes weighted), fran Tine 2 to Time 3; the highest change, 
xxg to and including Tine 3; and the root of squared change, to and including 
Time 3. The following variables related to change in vocabulary fran Tine 1 to 
Time 3: mean number of negative systolic changes up to and including Tine 2 
related negatively. For the Old group there were many significant blood 
pressure effects (systolic and diastolic). All of the following related to 
vocabulary level at Tine 3: the highest diastolic change, the mean very nega- 
tive diastolic change, the nean diastolic change, and the irean very positive 
diastolic change, fran Time 2 to Tine 3 positively related; the nean number of 
negative diastolic changes fran Tine 2 to Tine 3 negatively related. The 
following changes were related to vocabulary change fran Tine 2 to Time 3: the 
mean square diastolic change (and its root) to and including Time 2 negati- 
vely related. The following diastolic changes related to vocabulary change fran 
Tine 1 to Tine 3: the highest change, up to and including Tine 2, and the nean 
change with positive changes weighted up to and incliiding Tine 2 negatively 
related; the mean number of positive changes up to and including Tine 3 positi- 
vely related. The following systolic changes related to vocabulary change fran 
Tine 1 to Tine 3: mean number of positive systolic changes fran Tine 2 to Tine 3 
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positively related to vocabialary level at Tiros 3; the mean change (with 
negative changes weighted) up to and inciting Tiroa 3 positively related. The 
mean number of systolic positive changes from Tiroa 2 to Tims 3 or up to and 
including Tiros 3 positively related to vocabulary change from Tine 2 to Tims 3. 
For the Old Clean group there were many significant blood pressure effects 
(systolic and diastolic). The following diastolic changes related negatively to 
vocabulary change from Tine 1 to Tims 3: the highest change up to and inclxading 
Tme 2; the maan change \xp to and including Tiros 2, with positive changes 
weighted. The following systolic changes related to vocabulary change f ran Tiros 
1 to Time 2: the highest change, the root square change, and nean nunfcer of 
very negative changes, all up to and including Tims 2, negatively related. The 
msan systolic change (with very negative changes weighted) , up to and including 
Time 2 positively related to vocabulary change from Tims 1 to Tiros 2. The 
following systolic changes related to vocabulary change from Tiros 2 to Tine 3: 
mean number of positive changes from Time 2 to Time 3 or up to and including 
Time 3, positively related; mean number of negative changes from Tiros 2 to Tiros 
3 negatively related. The following systolic changes related to the vocabulary 
change frcm Time 1 to Time 3: mean change (very positive changes weighted) up 
to and incltiding Time 3 negatively related; the root mean square change, ug to 
and including Tims 2 negatively related; root mean square change, xxp to and 
including Time 3 negatively related; and mean change (very negative changes 
weighted) up to and including Time 3 positively related. For the Young group , 
only one systolic pressure variable was significant and related negatively to 
vocabulary at Time 3: mean square change frcm Time 2 to Tiros 3. For the Young 



ERLC 



28 



Models 
27 

Clean group ^ the following diastolic changes related negatively to vocabulary at 
Tine 3: mean number of positive changes up to and including Tine 2? nean 
change up to and including Time 3; mean very negative chancie weighted, to and 
including Tine 3. The following diastolic changes related to change in vocabu- 
lary from Tine 1 to Tine 2: highest change up to and including Tine 2, related 
positively; mean number of negative changes up to and including Tine 2, related 
negatively. The following systolic changes related negatively to vocabulary at 
Tine 3: nean change, nean nmrtoer of positive changes, mean change weighting for 
very positive changes, all fran Tine 2 to Tine 3; nean number of positive 
changes, up to and includin7 Tine 3. 

Joint systolic/diastolic effects were studied in the Old subgroi:^) using 
the additional strategies described earlier* When systolic pressxire was high 
{> 140), the nean vocabulary score (Tine 3) of those with low diastolic 
pressure (< 80 Tine 3) was 54.0, with moderate diastolic pressure (80-89 
Tine 3) was 61.0, and with high diastolic pressure (> 90 Tine 3) was 68.5 
[F (2,23) = 4.08, 2 -OSJ- This s\J?3ported the hypothesis that if systolic was 
high, it telped performance to have a high diastolic* 

Model 7 was si:5iported since there were differential effects in age and 
health subgroup: . There were fewer effects for young corpared to old subjects. 
There were more effects in "clean** subgroups. For the All Clean graap, the Old 
Clean, and the Young Clean group change or heightened pressure was detrimental 
to performance. For the Old group it seemed to aid performance. 

Sunroary; Blocd Pressure and WMS Vocalxilary 

There was some support from tests of specific hypotheses 
for the general hypothesis that blood pressure is 
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related to vocabulary scores. Most of tte si:5)port cane from Model 6 and 7 
analyses v^ich suggested that for the old pressure increases are consistent with 
good perforroancer but for the young with no cardiovascular problems and no use 
of antihypertensives/ pressure increases are not consisterit with good perfor- 
mance* 
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Discussion 

The primary purpose of this study was to examine several models of 
relations between blood pressure and cognitive performance to determine if any 
model describes that relationship. Results of tests of specific hypotheses 
demonstrated some support for the general hypothesis that pressure relates to 
cognition, irrespective of age. Primarily, such support comes from Models 6 
and 7, for both vocabulary and memory for designs, although there is some 
minimal support for other Models. Pressure rise and system changibility seemed 
related to better BVRT performance for the old, but were of less clear benefit 
for the young. Pressure effects remained when age effects on BVRT were removed 
statistically for members of either old or young groups who were without 
cardiovascular diagnoses or antihypertensive medications. Pressure rise was 
related to better vocabularly performance for the old and to poorer performance 
for the young groups. 

For the Old tested with the BVRT, the sheer number of previous changes in 
pressure seemed important, as did the absolute size and direction of those 
changes. The average amount of earlier change, as well as having a large 
earlier jump in pressure, were important. For the Young tested with BVRT, 
degree of earlier pressure change mattered, whether that degree of change was 
measured in number of rises or absolute value of highest previous pressure, or 
extent of positive or negative changes in earlier pressure. For the Old and 
the Old Clean tested with WAIS-V, hi^est earlier pressure, number of rises, 
number of earlier positive or negative changes, and earlier pressure change by 
almost any measure turned out to be largely beneficial in terms of performance. 
For the Young Clean tested with WAIG-V, number of earlier changes, magnitude of 
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earlier changes, largest earlier change — all were viseful for predicting negative 
performance outcanes. 

The best explanation for these events seens to be that the effects of 
blood pressure rises and fluctuations are cumulative and irreversible and 
sonetimss delayed, irrespective of age, but that differeit age groups have 
differeit patterns of cognitive response to this. A reactive syston may be 
a sign of health and be useful for cognitive performance, for the Old groag 
though not for the Young. It may be that vAien a vascular systan looses its 
ability to make many upward and downward adjustments, it mediates lower scores 
for older male respondeits; or it may be that male respondeits who are not moti- 
vated by the cognitive task and \rfio do poorly are also the persons vrtio are not 
moved by whatever evoits cause pressure reactivity in our other respondeits, 
hence the correlation. Experimental studies could answer this questicxi, and are 
planned. Studies with female respondeits would indicate vrfiether these phenotrena 
are sex specific. 

The hint in the data that higher pressure is "useful" for the old to do 
better on WAIS-V and BVRT raises questions. Perhaps the clinical definition of 
pathological pressure could be made age specific without increasing the risk of 
medical problems. Perhaps the price of antihypertensives, eveii if they are cli- 
nically indicated, is poorer cognitive performance, in older users, not becaxise 
antihyperteisives are designed to be psychotropic drugs, but precisely because 
they are effective in lowering blood pressure. 

It was interesting to see that some significant effects of blood pressure 
are present across age groups, medication gro^ys, and across both the cognitive 
tasks that are age-influenced and those that are age independeit, even whei 



ERLC 



32 



Models 
31 

age effects were statistically roroved. Yet in spite of the presence of 
significant effects across several sanples, tiines and tasks, the data suggest 
that blood presstire may have differoitial significant age relatai effects 
because it is operating as part of a self -regulating systm. For the Old, 
a WAIS-V score at a givoi time was positively related to prior pressures and 
future pressure rises, but negatively related to the future number of pressure 
changes. The person may e^qperieice cumulative, irreversible effects of high 
pressure that coritain the seeds of their cwn continuation and acceleration. 
These "circular" effects, if they exist, are, for sane reason, more apparent in 
the Old than in the Ycxing and on vocabulary scores rather than <xi visual noaory 
scores. 

These results suggest that seme interesting relatiaiships may be overlooked 
in studies of physiology and cognition bcicause the more coiplex models of the 
process are virtually never examined* If these data do indicate "slow-acting" 
blood pressure effects, medical interventions need to be more sophisticated, 
longer-term, and tailored to the cognitive and physical requirecasnt and history 
of the patient. 

Theories of the nature of possible mechanisms of blood pressure-cognition 
relations were described earlier in this p^)er. Giv^ these data just xeport/3d, 
it would be hard to argue that such relations are due to gaieral damaye to the 
CNS. Most of the theories cited above also assume that any degree of old-age 
high blood pressure indicates disease, without considering the possibility sore 
lesser rise in pressure may be a normal correction for a changing physical systan* 

The previously mentioned theory that best fits th^ data reported in this paper is 
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that optimal pressure delivers optimal oxygen to the brain, and optimal pressure 
d^)ends on the state of the vrfiole systan, maintained and adjusted by age related 
feedback loops connected to both blood pressure and cognitive adaptive systaans. 
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1 If, however, the order of entry was reversed and systolic pressure values 
were altered first, pressure reduced the r2 for age by half. 
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Table 1 



Studies Relating Physiology to Cognition, Categorized by Model 



Study 

Model 1: Physiological Level Affects Cog- 
nitive Level at a Single Time 

1. BARRETT, WATKINS (1986) 



Respondents 



Nl=80; 60-75 
N2=40; 18-33 
men and women 
with and without 
cardiovascular disease 



2. BIRREN, BUTLER, GREENHaiSEr 
SOKOLOFF, YARROW (1963) 



47 men, 65-91 



3. BIRREN, SPIBIH (1962) 



161 men, 23-60 



4. BOLLER, VRTUNSKI, MACK, 
YOONGJAI (1977) 



40 mai, mean age = 50 
hypertensives and 
normals 



5. BCOWINICK, STORANDT 0.974) 



N = 96, men and wonen, 
20-74 



6. COHEN, EISDORFER (1977) 



14 men, 23 wanen, 
64-79 



o 50 
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Variable or Materials 



Signi ficant Results 



Cardiovascular status, 
unfamiliar word lists 

unfamiliar word lists 



Cerebral matabolic 
rate, vital capacity 



Those without cardio- 
vascular disease perfonned 
better than those with it 
in free recall following 
semantic processing. 

Multiple findings which 
will not be summarized 
here. 



Cardiovascular status, 
exercise, response 
speed, blood pressure 

Blood pressure, 
response tims, IQ, 
digit span, 
visuospatial , logical 
memory 

Cardiovascular status 
(self-r^>ort), 
auditory reaction 
time 

Imroinoglobulin level, 
WMS vocabulary, digit 
symbol substitution 



Pressure was not related 
to psychomotor speed. 



Hypertensives did worse 
on response time, IQ, 
digit span. 



In high education 
subjects, cardiovascular 
prdblan subjects were 
slo^r. 

No relation for women; 
for men, IgG positively 
related to vocabulary 
and digit symbol and IgA 
negatively related to 
vocabulary. 

(table 1 continues) ^1 



7. COHEN, EISDORFER (1980) 



8. COHEN, MATSUYAMA, JARVIK 
(1976) 



15 men, 42 wonsn, 
62-100 impaired 
26 msn, 39 wonen, 
64-93; ncxi-inpaired 
matched for age & sex 

5 men and 9 wonsn, 
83-100 years 



9. COSTA, SHOCK (1980) 
*see other models 



350 men, 20-39, 
40-49, 50-65, 66-84 



10. DORNBUSH, VOLAVKA (1976) 



4 wonsn, 2 men, 
mean age =65.6 



11. EISDC«FER (1968) 



12. EISDORFER, NOWLIN, 
WILKIE (1970) 



48 msn 

20-48 and > 60 
28 lien, 60-78 



13. ELIAS, ROBBINS, SCHULTZ, 
STREETBN (1986) 



o 52 
ERIC 



men and v?at>en 
I. 52 normotensives 
43 hypertensives 
II. 10 normotensives, 
medicated 
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Iimiunoglobulin levels, 
cx)gnitive inpairment (ty 
clinical assessment) 



The iirpaired had 
significantly hiv^her 
IgG and IgA. 



Immunoglobulin levels, 
^terman vocabulary 



Basal blood pressure, casual 
blood pressure. Army Alpha 
(timed and un timed) 



Peptide hormone ACrH(4-10), 
short term msmory, perceptual 
speed, motor speed 



Free fatty acid in plasma, 

WAI3 vocabulary, verbal learning 

Inderol administered to block 
arousal, WAIS vocabulary, digit 
span. Figure Ehibedment Scale, 
serial learning of high 
association words 

Hyper tensive/normo tensive 
status, Hals tead~Rei tan 



Positive relation 
exists between IgM 
& IgG imn:iunoglobulin 
levels and vocabulary 
scores. 

The high pressure group 
performed least well on 
following directions, 
number series, arithmetic 
problems, synonyms/ 
antonyms, number series, 
practical judgement, and 
total. 

Hormone administration 
inproved attention and 
therefore response time 
in a dose-related way. 



Arousal blocking improved 
learning. 



The Toean performance level 
of hypertensives was lower 
at both times I and II. 
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14. ELIAS, RCBBINSr SCHULTZr 
STREETEN (1987) 



15. EL NAGGER (1982) 



16. ELSAYBD, ISMAIL, 
Y(XJNG (1980) 



23 men, 31 wonen 
in each of 2 
groups 

48 men, 24-68; 

30 exercise, 18 don't 

70 men, 24-68 



17. HJZER, SIM0NS(3N, 
BLANKSTEIN (1942) 



No information 



18. FAITH, SIPOS (1975) 



11 Ss 



19. FEIANCESCI, TANC3^I, SMIRNE, 
MERCINELLI, CANAL (1982) 



7 men, 8 wanen, 
39+ 7 yrs.; normotatisives 
10 men, 7 wanen, 35+ 9 yrs 
untreated hypertensives 
13 men, 9 waisn, 43+ 6 yrs 

treated hypertensives 



20. GOLDMAN, KLEINMAN, SNOW, 
BIDUS, KOROL (1974) 



14 men, mean age 47.6 
VA outpatients 



21. GOLDMAN, et al (1975) 



men, 35-68; 

7 hypertensives 

7 normotensives 
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Hypertensive/normotensive 
status. Average Inpairnent 
Rating Test 

Exercise, "cognitive processing' 



Blood pressure, heart rate, 

^2, fluid and crystallized 
intelligence 



Diagnosis of circulatory 
insufficiency, critical 
critical flicker fusion 
frequency 

Mountaineer status, climbing 
a mountain, manory for forty 

words 

Hypertension status, card sort, 
Wechler Memory Scale, Raven, 
Benton, W-B subtests (block 
design, picture assonbly, digit 
symbol) 



Diastolic blood pressure, 
(Category Test (Reitan) 



Blood pressure. Category 
Test (Reitan) 



BIypertensives scored 
similar to normo- 
tensives. 

Exercisers perform 
better. 

The highly fit scored 
higher on fluid 
intelligoice, as did 
the young. 

CFFF was lower for 
those with circulatory 
insufficiency. 



Mountaineers did better 
before climb; after 
climb, status made no 
difference. 

Both hypertensive groups 
groups did worse on card 
sort. Memory Scale, 
Raven, Benton, block 
design; the treated 
groip did worse on 
picture assembly; no 
difference found on 
digit symbol. 

Diastolic hypertension 
was related to errors 
CXI Category Test. 

Pressure was related to 
errors on the Category 
Tests. 



22. HAGBERG (1978) 



23. HEEIZCX3, SCHAIE, GRIBBIN 
(1978) 



13 w^, 54.1+ 4.5 yrs. 
3 vjonen, 62.0+ 3.5 yrs.; 
16 organic daient 

75 wen, 81 wonen; 
many different cohorts 
from ongoing study 



24. JACQBSr WINTER, ALVIS, 
SMALL (1969) 



18 men 
nean age 68 



25. JALAVISTO (1964) 



130 worii, 40-93 



26. JALAVISTO (1964-65) 



86 mxven, 40-93 
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Models 



Blood flow in left hemisphere 
brain regions, verbal monory, 
nsTory for designs & objects 

Cardiovascular disease, 
hypertensive status groups, IMA 
subtests. Test of Behavioral 
Rigidity 



Breathing pure oxygen, Wechler 
Memory Scale, BQider-<3estalt, 
Tien's Organic Integrity Test 

Blood pressure, retinal rivalry, 
vital capacity, irenory for 
pictures, memory for number 
— reverse digit span. 

Vital lung capacity, maximum 
capacity, critical flicker 
fusion, reaction time, 
taEping rate, ronory for 
pictures, memory for backward 
digits, blood pressure. 
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Blood f Iw was related 
to perfornance on tasks. 



At each of two times, 
cardiovascular disease 
group did wore poorly, 
on all cognitive vari- 
ables exc^t one sub- 
test. Hypertension 
plus antherosclerosis 
group did more poorly 
on nuntoer, word fluency, 
intellectual ability, 
educational ability 
subtests. Hypertension 
only group did more 
poorly on intellectual 
ability. 

Those breathing pure 
oxygen had better test 
scores. 

Retinal rivalry was 
related to all the 
other variables except 
blood pressure. 

Systolic and diastolic 
pressures are positively 
tjorrelated with reacticr 
time and negatively 
correlated with memory. 
Umg function is 
positively correlated 
with reaction time and 
memory. 
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27. KARASAWA, KAWASHIMA, 
KASAHARA (1979) 



20 95 wonsn 
> 100 years old 

49 men, 49 wonen 
90-99 years old 



28. KEDZIr ZAKS, COSTELID, 
BOSHES (1965) 



120+ cardiac patients 



29. KIPfG (1956) 



22 male schizcphrenics 



30. KLEBAN, GRANICK (c. 1976) 



47 man, 65-91 

(Ss used in Birrai & Butler, 
et al, 1963) 



31. KLEE (1964) 



iren, 34-61; 
11 patients 



32. KLEINMAN, GOLDMAN, SNOW, 
KCROL (1977) 



8 mn, 26-63; 
essential hypertensives 



33. KRASNO, IVY (1950) 



(several studies reported) 
(usually patients) 



Models 
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Activity level, blood pressure, 
sensory processing 



Cardiac status, neurological 
function, IQ, digit symbol 
substitution. Bolder Gestalt, 
percqptual tests 



Hyper- and hypotension 
(defined as the extrene 
pressures in this group), 
reaction time, tapping speeds 

Blood pressure and blood 
flew variables, cerdDral 
oxygen consuitption, glucose 
consunption, WAIS, 
perceptual/verbal tests, 
reaction time 

Clinically evaluated mental 
deterioration, cerdDrcil 
metabolic oxygen consunption. 

Blood pressure, category test 
of Halsted-Reitan 

Hypertensive status, CFF 
threshold 



Physical functioning 
was related to mental 
funtion. Higher 
systolic pressure 
related to better 
performance. 

4% of cardiac patients 
have some neurological 
dysfunction; ccxigestive 
heart failure patients 
have lower IQ, poorer 
digit symbol. 

Hypertensives give 
slower responses (but 
potential medication 
effects). 

Pressure was nega- 
tively related to 
performance variables 
other than reaction 
time. 



Deterioration was 
related to lower 
CMR02. 

Errors on category test 
were related to 
pressure. 

CFF was lower in pat- 
ients with hypertension 
or anania and inproved 
with therapy. 
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34* lASSEN, MUNCKr TOTTEY 
(1957) 

35. LICHTMAN, POSER (1983) 

36. LIGHT (197b) 

n. LIGHT (1976) 
LIGffr (1978) 



\9. MANTON, SIESLER, 
WOODBUIW (1986) 



17 men^ 2 wcnenr 26-67; 
19 hospitalized patients: 
6 normal with high blood 
pressure, 3 donented with 
high blood pressure , 
10 demented unclassified 

28 males, 36 females 
age 16-54 



203 men and wcmen, 
18-59 



18-77, N = 400+ 



271 men and woren, 
18-77 



Duke Longitudinal 
study participants, 
N = 267, age 60+ 
at first test period 
men and women 



0. MANUCK, CORSE, 
WINREIMAN (1979) 



45 men, 25-62 



Models 



Cer^ral metabolic oxygen rate, 
blood pressure, block pattern 
test, digit learning 
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cmo had a linear re- 
lation to pattern test 
performance and curvi- 
linear relation to 
digit learning. 



Exercise class vs hobby 
grouper Stroop color Word Test 



Blood pressure, respcxise 
time 



Blood pressure, response tine, 
short term monory, long term 
moTiory, Wechsler Menory Scale, 
recency recall, Wisconsin Card 
Sort Test 

Blood pressure, serial 
reaction time 



Diastolic pressure, general 
physical health, WAIS, Wechsler 
Manory Scale, response time 



Exercise group per- 
formed better on 
Stroc^) Test. 

Medicated hyperten- 
sives were slower than 
the other hyperten- 
sives or the 
normotensives . 

Hypertensives showed 
n^nory deficits; re- 
spcxise time increased 
for treated hyperten- 
sives. 

Treated hypertensives 
had a longer reaction 
time. 

Self-rated health was 
related to cognitive 
functioning. High 
pressure was usually 
related to poor perform- 
ance, exc^t in a few 
cases when it was re- 
lated to very good per- 
formance. 



Blood pressure, conc^t tasks 



Pressure reac'^ors did 
not differ from nonre- 
actors in performance on 
conceptualization tasks. 



41. MoGLYNNr lAUGHLIN , ROHE 
(1979) 



42. OBRIST (1963a) 



15 wanenr 18-23 
28 male imdergrads 



43. OBRIST (1963b) 47 males 



44. OBRISTr BOSSEr EISD(»FER, 

45. CMSSCN, SJOBERGr DOmiC 

(1975) 

46. PENTZ, ELIAS, WOCO, SHULTZ, 

DINEEK (1979) 



47. PERIMJEER, HAKflMI, HODGSON- 
HARRINGTON, GINSBERG, KATZ, 
SINGER, NATHAN (1984) 

48. POWELL, EISDC»FER, 
BOGDENOFF (1964) 



397 SSr 60+ 

48 male students, 20-38 



15 Twan, 10 women; 
hypertensives 

8 mtsn, 8 wanen; 
examined nonnotensives 

9 iren, 12 women; 
general population 
normotensives 
mean age 26.3-50.8 

178 wen and women 
55-74; diabetics - 46% 
women, control - 57% women 

48 nen, 20-48 and 60 



ERiC 



Models 



Exercise at various speeds, 
line matching 

Blood pressure, heart rate, 
respiration, concept 
problems 



Circulatory status, EEG 
changes, cognitive test 
battery 



EES, intelligence 

Prior fitness, bicycle 
ergcmeter, multiplication 
problems 

Blood pressure, tactual 
performance, finger tapping. 
Category Test, WAIS 



Diabetes status, digit 
span, serial learning 



Plasma free fatty acids, 
learning 8 words 
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Speed status did not 
effect line matching. 

Accuracy and speed of 
perc^tion was influ- 
aiced positively by 
experimental increase of 
heart rate. 

Circulatory status 
appeared to influence 
EEG, and thereby cog- 
nition. 

No relation was found. 

Prior fitness reduced 
the efEect of exercise 
on perEormance. 

Hypertensives who were 
young differed more from 
normotensives who were 
young than their old 
counterparts differed 
from each other on 
tactual and tapping 
tests. 

Diabetics had poorer 
performance. 



Older respondents had 
higher fatty acid level 
before, during, after 
learning. 
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49. RICHTER-HEINRICH (1970) 



50. ROBERTSON-TCHABO, ARENBERG, 
TCBIN, PLOTZ (1986) 



51. ROSEMAN, BUCKLEY (1975) 



30 nonnotensives 

40 essential hypertensives 

30 hypertentives 

20% wonen ages 18-40 

52 men, 33.0-86.7; 
ncxiinsulin dq)endent 
diabetic, matched controls, 
610 controls 

Terminal elderly patients 
I. 70-94, 97 = N 
II. 46-71, 468 = N 



52. SANDS (1978) 



120 woten, ages 65-92 



53. SCHENK, LANG, ANIAUF 

(1981) 



9 men, 4 wonen, mean 
age 38.8 



54. SCHOLTZ, DINEEN, ELIAS 
PENTZ, WOOD (1979) 



68 or wonen, 
45-65 or 21-39; 
hypertensives, plus 42 
normals 



55. SHAPIRO, MILLER, KING, 

GINCHEREAU, FITZGIBBON (1982) 



48 men, 34 wonen, 
nen, 33.7 hypertensive, 
33.8 nonrotensive; wonen, 
29.8 hypertensive, 29.4 
normotensive 



Er|c 64 



Models 
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Blood pressure, mental 
arithmetic, sentence 
oompletion 



Hypertensives made 
more errors. 



Diabetic status, visual 
n^nory, WAIS vocabulary 



Diabetes had no effect 
cn cognitive status. 



Serum IgG, WAIS 



Blood pressure, WMS 



Administration of beta- 
blocking antihypertensives, 
reaction time, concentration 

Blood pjLessure, administration 
of diuretic, plasma renin, WMS 



Blood pressure, visual 
recognition threshold, 
perception of spaced stimuli, 
critical fusion flicker, digit 
symbol substitution, block 
design, memory for designs, 
time judgement, psychonotor 
tests 



There was an inverse 
relationship between 
serum IgG and intel- 
ligence. 

High pressure was re- 
lated to decline in 
fluid abilities. 

Drugs improved 
concentration, 
reaction time. 

Hypertv.. "sives were worse 
on the WAIS, young 
hypertensives doing 
worse tb jti old. Given 
matched WAIS-V young 
showed greater BP 
effects than old on 
WAIS-P. 

Hypertensives did mare 
poorly on visual 
recognition (wonsn), 
digit symbol, time 
(woman), and psycho- 
motor tests. 
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56. SHVAKPZ, MESOZ, MBCHTINGER, 6 nen 
BIRNFELD (1976) 



57. SIEGLER (1983) 



I. 127 men, 140 wonen, 
59-94 

II. 261 men, 241 wanen, 
46-70 



58. SJOBERG (1975) 



25 men, 21-34 



59. SJOBERG (1980) 



48 nen, mean age 24 



60. SPIETH (1964) 



men 35-59; N = 475 



61. STONE (1981) 



253 Ss 



52. SZAHRAN (1966) 



250 Ss, 50 per decade 
20's-60's pilots 
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Models 
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Exercise, heat e}^)osure, 
response to visual stimulus 



Cardiovascular disease 
status, IgG, blood pressure, 

mis 



Bicycle erganater, 
reaction speed 



Fitness status, physical work, 
paired associate learning, 
rapid trental arithmetic 

Blood pressure, cardiovascular 
status, Trailmaking test, stimulus 
matching serial reaction time 
test, Halstead Tactual 
Performance Test, digit-symbol 
substitution, block design 



Circulatory disorder status, 
intelligence 



Heart rate after exercise, 
serial choice task 



Exercise was associated 
with increased response 
time. 

WMS scores were higher 
for those without CVD; 
IgG levels related to 
health. Those with high 
blood pressure did 
better intellectually. 

Reaction time in visual 
choices had an inverse 
U-shaped relationship 
to work load on the 
bicycle ergcmeter. 

After physical work, the 
more fit performed bet- 
ter than the less fit. 

On speeded tests, medi- 
cated hypertensives and 
the healthy were faster. 
On the Halstead, the 
healthy were faster than 
most other groups. On 
block designs, selected 
CVD or pressure groups 
did more poorly. 
Circulatory disorders 
predicted intellectual 
functioning in older but 
not in younger Ss. 

Serial choice task 
performance was neg- 
atively related to 
heart rate after exer- 
cise. 
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63. THALER (195b) 



52 men, 64 wonen, over 
60 yrs. 



64. THCMAS, REILLY (1975) 



CXie 31 year old irale njnner 



65. THCMPSON (1975) 

(r^licated: THCMPSON, 
DAVIS, OBfUST, HEYMAN, 1976) 



S = 21, 50-80; Danented 
with/without vascular 
involvenent; cxxitrols 



66. THCMPSON, EISDCRFER, ESTES 
(1970) 



60-93 yrs. old 
432 Ss 



67. TEUESCHMANN, SAND (1971) 



68. WANG (1973) 



52 men, mean age 39 
31 wonsn, mean age 34 

I 27 Ss, mean age 70 
II 24 Ss, age 71-87 



I 
II 



ERIC 
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EEX3^ short form Wechsler 



Heart rate, lung functicxi, 
blood glucose, response time 



Hyperbaric oJ^gen treatment, 
Wechsler Memory Test, Benton 
Visual Retention Test, Raven, 
Hooper, Tiens, word using, 
tapping 

Overall cardiovascular disease, 
by clinical assessment; WMS, 
respaise speed 

Serum creatinine level, WAIS 



EBG frequency, WAIS verbal 
and performance scales; 
cerebral blood flow, WAIS 



I. 



II, 



Normal/focal EEXS related 
to good short form 
Wechsler; the cfposite 
was true for diffuse/ 
mixed EEG* 

Negative correlaions 
were found between 
first two physical 
variables and response 
time. 

No significant re- 
lations to oxygen 
treatment. 



No siginificant re- 
laticxis were found. 



No significant cor- 
relatiais were found. 

Significant negative 
relations were found 
between dominant EES 
frequency and the 
difference betwean ver- 
bal and perforniance IQ. 
There was only a ten- 
dency for positive re- 
lations between blood 
flow and WAIS per- 
formance. 
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69. WANG, BUSSE (1974) 



98 inair 129 woren, 
age ireans 69v5-73*6 



70. WANG, (BRIST, BUSSE (1970) 20 uen, 12 wcrren, 

mean age 69 

71. WIIKIEr EISDQRFER (1973) 202 Ss, 60-79 yrs. 



72. WIIKIE, EISDORFER, 42 Ss, mean age 67.7 
KCWLIN (1976) 

73. WILLIAMS, POTTINGER, 90 nen, mean age 20 
SHAPOMT (1985) 



o 70 



Models 
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Heart disease status , 
neurological status / EES, WM3 



Those with decoipensated 
heart disease had 3 times 
the theta wave dominance 
and 3 tines the brain 
disorder rate of those 
without heart disease. 
WAIS drop was associated 
with heart disease over 
and above that e3q}ected 
by neurological and EBC3 
findings. 



EBSr WAIS 



KAIS, blood pressure 



Blood pressure, logical 
msnory, paired associate 
learning, visual me^nory 

Arm exercise, choice 
reaction time, learning 



Slower EEB frequencies 
were associated with a 
performance-verbal 
discrepancy. 

Ttie first tine data were 
gathered, those in their 
70 's showed a nonsignif- 
icant negative relation 
between IQ and pressure. 
The second time, the same 
was found for those in 
their 70 's; those in 
their 60 's had that non- 
significant effect for 
performance IQ only. 

No relation was found 
between pressure and 
itemory. 

High exercise iitpaired 
reaction time; exercise 
had no effect on 
learning. 
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74. WISSLER (1901) 



N = 270 Tverif 47 wonsn 
undergraduate cxDilege 
students 



Massive battery of dozens 
of physical (e.g., head size, 
straigth) and cognitive 
(e.g., mesmory) tests 



No relation was found, 
between physical and 
cognitive tests, or bet- 
v^sen reaction time and 
other tests. 



Model 2; Physiological Change Over Tine Affects Cognitive Change Over the Sams Tine 



1. BARRY, STEINME?rZ, PAGE, 
RODAHL (1966) 



7 men, 6 women, 
avergage 72 yrs. 



2. COHEN, SEDIACEK (1983) 



3. ELIflS, ROBBINS, SHULTZ, 
STREETEN (1986) 



4. GOLDMfiN, KLEHEIAN, SNOW, 
BIDUS, KCHOL (1975) 

5. HAMDY, DAVIES, ARNOLD, 
TOVEY, SAIMBI, SHCBT, 
EXTON-SMITH (1984) 



6. JACOBS, WINTER, ALVTS, 
aiALL (1969) 



15 men, 15 wonen, 
age 26-72 



95 Ss (Time 1) , 21 Ss 
(Tine 2) 



7 male hypertensives and 
4 controls, 35-68 

38 hypertensives, 69-91 



18 msn, mean age 68 



Physical conditicxiing, 
various cognitive msasures: 
tapping, card sort, 
reaction time. Ravens, short 
term retention, perc^tion, 
visual discrimination 

Blood pressure, field 
independence, picture 
completion, block design, 
absorption, digit span 

Blood pressure, Hals tead~Rei tan 



Blood pressure. Category itest 



Blood pressure, picture 
matching test 



fidministration of oxygoi, 
Vfechsler Memory Scale, Bender- 
Gestalt, Tien*s organic 
integrity test 



ERLC 
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Change in physical con- 
dition was related to 
change in ability to 
produce many words which 
begin with the sane 
letter. 

Diastolic pressure changes 
were related to field 
independence and picture 
canpletion. 

No differences were found 
between normotensives and 
treated hypertensives. 

As pressure decreas^dd, 
test scores iitproved. 

No relation was found 
between drug-inducad 
pressure changes and 
performance. 

Oxygen increased test 
scores. 



73 



7. KLEHWAN, GOLDMAN, SNCW, 
KCROL (1977) 



8 hypertensive men, 
26-63 



8. LEDWETH (1970) 



92 Ss, age 18-38 
(3 woien) 



9. MflKSIMOVlCH (1983) 



60 men, 20-45 



10. McGLYNN, lAUGElLIN, 
RAVE (1979) 



15 wanen, 18-23 



11. MILLER, SHAPIRO, KING, 

GINCHEREAU, HOSUTl' (1984) 



28 men, 30 wanen, 
mean age betvveen 
32.1 and 38.3 



12. POWELL, EISDCRFER, 
BOODENOFF (1964) 



48 wen, 20-48 or 60+ 



13. REITAN, SHIPLEY (1963) 174 n^, 25-65 



ERIC 
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Blood pressure. Category Test 



Oxygen deprivation, choice 
reaction tine 



Tenperature adaptation, manory 



Exercise, line matching test 



Blood pressure, 15 
psychctnotor tests 



Plasma free fatty acid level, 
word list learning 



Serum cholesterol, 
Hals tead-Rei tan 



Systolic pressure de- 
crease was negatively 
related to test 
iirprovQient. 

Oxygen deprivation 
ncHilinearly signif- 
icantly increased 
reaction time. 

(No tests of signif- 
icance) Adapters 
iitproved their memory 
after ergothermic stress, 
unlike nonadapters. 

Increase in exercise 
level was not related to 
performance on line 
matching. 

In hypertensives with 
behavioral inpairnent, 
antihypertensive treat- 
ment inproved the two- 
flash threshold, digit 
symbol test, operative 
tine estimate. 

Older persons had a 
higher level and 
continue d increase 
after learning. 

Reduction of serum 
cholesterol influenced 
Halstead scores. 
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14. ROBERTSON-TCHABO, ARENBERG, 
TOBIN, PLOTZ (1986) 

15. RYMAN, NAITOH, ENGLUND 

(1985) 

16. SCHNEIDER (1983) 



52 diabetics and matched 
controls, 33. 0-86.7? 610 
additional controls 

100 men, mean age 21.2 



2 men, 22 yrs. and 23 yrs. 



17. SHVARTZ, MEROZ, MBCHTINGER, 6 men 
BIRNEID (1976) 



18. THCMAS, REIJLLY (1975) 1 male runner, age 31 



19. THCMPSON, EISDORFER, 250 Ss, 60-93 
ESTES (1970) 

20. TOCN, BERGEL, JOHNSTON 12 men, 10 woten, 

(1984) nean age 22.5 

21. WANG (1973) 27 Ss, rosan age 70 



22. WimE, EISDORFER (1971) 202 Ss, age 60-79 



7B 
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Diabetes status, WAIS 
vocabulary, visual n^ory 

Exercise, sentence coipre- 
hensiai 

Blood pressure, attentiai 



Exercise and heat ejqposure, 
reaction time 



Heart ratvi, lung function 
blood glucose, response time 



Cardiovascular status, WMS, 
response speed 

Blood pressure, rv-^,ction time 



EEX3, mis verbal and 
performance scales 

WAIS, diastolic pressure 
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No relation was found. 



No relaticxi was found. 



Experimentally induced 
pressure changes of any sor^ 
were related to a positive 
change in attention during 
sleep. 

Change from exercise Time 1 
to nonexercise Time 2 
related to drop in reaction 
time from Time 1 to Time 2. 

Negative correlation betwee 
response time and heart 
rate, vital capacity, 
forced expiratory volume. 

Relations were not 
significant. 

Experimental manipulation 
had no effect. 

No relation was found. 



Pressure increase was 
related to performance IQ 
decrease. 
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lodel 3: Physiological Level at Time One Relates to Change fron Tiro One to Time IVo 
1. DAVEY (1974) 



2. DRUIMM) (1983) 



3. HERZOG, SCHAIE, 
GRIBBON (1978) 



4. SCHULTZ, ELIASr 
ROBBINS (1983) 



15 men, 15 wonenr 
17-20 



5. SCHULTZ, ELIAS, ROBBINS, 
STREETEN, BLAKEMAN (1986) 



6. SIEGLER (1983) 



18 hypertensives 
18 normotensives 
mean age 25, 3 wanen 
and 15 men in each group 

156 Ss (men and wcmen) 



68 male & female 
hypertensives, ages 
45-65 or 21-39, plus 
42 normals 



30 hypertensives 
24 nonnotensives 



32 Ss with balanced 
sexes, 51-77 



Bicycle ergcmeter, short term 
nemory (Brown & Poulton Test 
of Attention) 



Mental arithmetic, 
blood pressure 



Cardiovascular disease 
diagnosis, intellectual 
ability imh) , psychanotor 
speed (TBR) 

Blood pressure, WAIS 



Blood pressure, WAIS 



Cardiovascular disease 
diagnosis, WAIS 



Higher level of exercise 
improves performance from 
Time one to Time two. 
(Not clearly this model, 
as exercise continues 
over tima period.) 

Hypertensives get 
hyperreactive during 
testing. (Not clearly 
this model.) 

CVD group had greater 
decline over 7 years in 
intel],ectual ability and 
psychanotor speed. 

Hypertensives* perform- 
ance deteriorates over 
6 years vrtiile normo- 
tensive^s performance 
irrproves. 

Normotensives improve 
over time on WAIS verbal 
scale. 

First time CVD not re- 
lated to WAIS change 
Time 1 to Time 2. 
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7. WANG (1973) and WANG, 
OBRIST, BUSSE (1970) 



24-32 SSf men and wonen, 
age 60+ 



EEG, WAIS, cerebral blood 
flow 



Slower EEG at Time 1 re- 
lated to greater decline 
in WAIS performance scale. 
Foc'al EEG disturbances at 
Timc^ one wera related to 
greater drop in verbal IQ 
Time 1 to Time 2. Low 
level of blood flow at 
Time 2 was related to 
greater decline in verbal 
IQ, performance IQ, and 
total IQ from Time 1 to 
Time 2. 



odel 4; Physiological Change from Time 1 to Time 2 Relates to Level at Time 2 
No studies found. 

odel 5; Physiological Variable at Sore Time Related to Cognitive Variable Lauer— Lagged Effects 



L. COSTA, SH(X2( (1980) 



2. HERZOG, SCHAIE, 
GRIBBIN (1978) 



3. OHLSSOJ, SJQbeRG, 
DORNIC (1975) 



350 men, 20-65 



156 Ss (men and wcn^) 



24 fit males, 21-38 

24 less fit males, 20-28 



Blood pressure. Army Alpha 



Cardiovascular status, PMA 
Test of Behavioral Rigidity 



Bicycle erganeter, 
multiplication problems, 
prior fitness 



Progressive impairment 
with time. Time 1 pres- 
sure predicts Time 2 
cognitive performance. 
Replicated, with pressure 
at Time 3 related to 
performance at Tims 6. 

Greater cognitive test 
inprovement at earlier 
tines for those becoming 
hypertensive at later 
times. 

Prior fitness influenced 
later mental performance. 
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4. SPIBTH (1964) 



560 men, 35-59 



5. WIIKIE, EISDORFER, 42 Ss, age 60-69 

m-iim (1976) 

lodel 6; Nonlinear Effects 

1. DAW (1974) 15 iTBles, 15 females 

age 17-20 



todel 7; Joint, Cotplex Effec ts 

1. PCWELL, MILLIGAN, 21 men, 20-35 

EURCHTCOrT (1980) 23 men, 55-70 



2. THOMPSON, NOWLIN (1973) Several subsanples 

were used; eg. 
11, nean age 20 
13, mean age 68 
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Blooa pressure, cardiovascular 
status, Trailmaking Test, 
stimulus matching serial 
recction time, Halstead Tactual 
Performance, digit-symbol 
substitution, block design 

Blood pressure, memory for 
designs 



Prior history of arterio- 
sclerosis may have been 
significantly slo-'er than 
healthy group on can- 
posite speeded neasures. 

Initial pressure related 
to Time 3 testing of 
memory for design. 



Bicycle ergcmater, manory: 
odd--even digit sequence 



Cuirvilinear relation 
between exercise and 
performance such that 
performance is best at 
moderate exercise, second 
best at rest, and poor at 
hard exercise. 



Old begin more sessions 
vjith higlier pressures 
than young, and, unlike 
young, increase pressure 
during the test. Having 
this "pressor" response 
is associated with task 
success for old. 

Hecirt rate, blood pressure. For young Ss large 

response time changes in hecirt rate 

and blood pressure in 
interval preparatory to 
an RT Task are related 
to performance on the 
task. For old Ss small 
changes are related 
to perfornance. 



Blood pressure, serial 
learning, reaction time 
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3. VM SCHIJNDEL, DE MEY, 
NARING (1985) 



60 men, nean age = 20.1 



Blocxi pressure, anagram 
performance 



Studies Related to Terminal Drop^ 
1. BftERr GAITZ (1971) 



2. BERKCWITZ (1965) 



3. BIRREN (1964) 



4. BIRREN (1965) 



5. BaiWINIC3C, WEST, 
STORANDT (1978) 



6. CUNNINGHAM, HUCKENIX»F, 
WHITE (1984) 



100 psychiatric patients 
age 60+ 



184 wen, average age 65 



47 men, over age 65 



47 men 



166 Ss, 60-89 



1000 men and women 
(65% women), 51-91 



Battery of physical sLatus 
measures, battery of cognitive 
status factors, live/die status 



Wechsler-Bellevue, live/die 
status 



WAIS live/die status 



EE)S, WAIS, Raven, 
live/die status 



Wechsler Memory Scale, 
Bender-Gestalt, Hooper Visual 
Organization, digit symbol, 
crossing off, trailmaking, 
live/die status 

Vocabulary, numerical 
facility, perceptual speed, 
iive/die status 



Pulse pressure increases 
for Ss in heavy task 
demand condition who did 
well, decreases for those 
in light task demand con- 
dition who Jid well. 



Physical factors predict 
better than cognitive 
factors \rfiether S lives 
or dies. 

Greater decline was found 
for those who died^ 

There was a significant 
decline in WAIS scores 
before death, regardless 
of initial level. 

WAIS and Raven scores 
distinguished lived 
from died. 

Survivors scored better 
cn the cognitive 
measures . 



Change in cognition 
predicted survival status 



♦Categorization by model supposes that one can decide conceptually whether '*lived/died" is a status level or a change or a lag- 
^ei effect. Since this is an opei question, model category must be supplied by the reader. 
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7. GOLDFARB (1969) 



1280 persons 64+ yrs.; 
f anales outnumbered men 
two to one 



8. GRANICX (1971) 



47 msn^ mean age = 71.5, 
65-91 



9. JARVIK, BLUM (1971) 

and JARVIK, FALEK (1963) 



73 men and woi^, at 
least 60 yrs. 



10. jKLEBMEIER (1962) 



I. 114 men 
II. 70 men 
65-92 



11. LIEBERMAN (1965) 



25 Ss 



12. IiIEBE2^MAN (1971) 



180 males & 'CTales, 
mean age 78 



13. PFEIFFER (1970) 



74 men and wonsn, 
mean age 67 



14. REMAINS, GREEN (1971) 



187 men, mean age 68 
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^^ental status ejcam, 
live/die status 



Poor mental status scores 
predicted survival. 



Stored information, WAIS 
subscales. Raven, Mill Hill 
Vocabulary, reaction time, 
copy speed, live/die status 

Vocabulary, similarities, 
digit symbol substitution, 
live/die status 

I. EE)3, live/die status 
II. Wechsler-Bellevue Performance 
and Verbal Scales, live/die 
status 

Bender Gestalt,^ live/die status 



Combined scores on cognitive 
measures such as irental status, 
learning, visual organi2ation= 
cognitive functicxiing; live/die 
status; stressed/ncxistressed 
status 

WAIS, live/die status 



WAIS, live/die status 



Performance on cognitive 
tests listed here pre- 
dicted survival. 



Cognitive test peform- 
ance predicted survival. 



I.&II. EEG Mean change 
and W-B Perform- 
ance Scale pre- 
dicted survival. 

Change on B~<5 predicted 
survival. 

Cognitive functioning 
predicted survival in 
the stressed group. 



IQ's of survivon5 were 
higher at Time 1 than 
those of ones \*o died. 
WAIS-P was higher for 
both men and women; 
WAIS-V for men only. 

l^yere was greater decline 
in WMS IQ or subscales 
for those who died. 
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15. RIEEEL (1971) and 
RIBSELr (1972) 

16. RIBGEL, RIBGELr MEYER 

(1967) 



17. IRIESCHMANNr SfiND (1971) 



18. VffDKIEr EISDORFER (1974) 



380 iriai and v?ansnr 
55-75 

74 loen, 190 women, 264 
loigitudinal study drop 
outSf 62 of whan 'uied/ 55 
and older, averrx^e age = 79.0 

83 nen and wonen/ average 
age 34 (women) and 39 (men) 

256 Ss, men and wonen, 
mean ages = 74, 77, and 80 



WilS, verbal achievement 
tests f live/die status 

WAISf verbal ability tests, 
live/die status 



VlPiLS subscale,, live/uie 
status 

WMS full scale score, 
live/die otatus 



Drop in scores was re- 
lated to death. 

Survival was not related 
to cognition • 



Survival status was re- 
lated to WAIS subscalas. 

No relation between WAIS 
level scores and survival; 
those who died showed 
significant changers 13-32 
months prior to deaths 
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Table 2 

Sumnnary of Significant lyiR Analyses for Model 7, Relating Age, Blood Pressure and BVRT Errors 



Dependent Variable 

( level/change, 
ordered by tiina) 



Diastolic, All Clean GroupCN = 142) 



Independent Variables 

(age, diastolic/systolic 
pressures) 

(level/change, ordered by 
time) 

(transfontied variables are 
indicated by the variable 
numbers preceded by "D") 



B 



MR r2 change 



BVRT change T1-T2 



BVRT Time 2 



BVRT Time 3 



BVRT Time 2 



Age 
DIO 

^positive D changes 
to T2 

Age 
D16 

#very negative D 
changes to T2 

Age 
D16 

#very negative D 
changes to T2 

Age 
DIO 

#positive D changes 
to T2 



.03 
2.93 



.13 
-2.59 



.18 
-3.22 



.12 
2.49 



.15 
.25 



.53 

.55 



.58 
.60 



.53 
.56 



.02 
.04 



.28 
.02 



.34 
.02 



.28 
.03 
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BVKT change T1-T2 



Systolic, All Clean Group (N = 151) 
BVRT change T2-T3 



Age 
D12 

#negative D 
changes to T2 



Aae 
D13 

#very positive 
S changes to T2 



.03 
-2.61 



.06 
■4.08 



.15 
.24 



.22 
.33 



.02 
.04 



.05 
.06 



BVRT change T2-T3 Age .06 .22 05 

D17 -.12 .31 .'04 

X S change positive 
changes weighted to T2 



BVRT change T2-T3 Age .05 .22 .05 

D27 -.10 !31 !o4 

X S changes from 
T2-3 



BVRT change T2-T3 Ago. .06 .22 .05 

D33 -2.52 .31 .04 

^positive S changes 
from T2-3 



BVRT change T2-T3 



Age 
D47 

X S change negative 
changes weighted, 
from T2-3 



.05 

.05 



.22 
.27 
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Diastolic, Old Group (N = 51) 
BVRT Tine 2 



BVRT Time 3 



BVRT change T1-T2 

Systolic, Old Group (N = 55) 
BVRT Tine 3 



BVRT Tine 3 



Age 
Dfi 

Root X square D 
change to T2 

Age 
D26 

Highest D change 
from T2-3 

Age 
D2 

Highest D change 
to T2 



Age 
D25 

Highest S change 
from T2-3 

Age 
D27 

X S change from 
T2-3 



.38 

.33 



,20 
.20 



.31 
.17 



.23 
.10 



.23 
.24 



.37 
.46 



.19 
.34 



.32 
.40 



.19 
.34 



.19 
.36 



.13 
.08 



.03 
.0? 



.10 
.06 



.03 
.09 



.03 
.10 



BVRT Tine 3 



Age 
D33 

#positive S changes 
from T2-3 



.18 
-11.29 



.19 
.48 



.03 
.20 
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BVRT Tiros 3 


Age 
D45 

X change, positive 
S change weighted, 
from T2-3 


.22 
-.13 


.19 
.36 


.03 
.09 


BVRT Tine 3 


Age 
D35 

tnegative S changes 
from T2-3 


.17 
9.04 


.19 
.33 


.03 
.12 


BVRT TinB 3 


Age 
D57 

ifpositive S changes 
to T3 


.13 
-14.39 


.19 
.36 


.03 
.10 


B7RT change T1-T3 


Age 
DU 

tnegative S changes 
to T2 


.21 
-7.90 


.16 
.42 


.02 
.15 


Diastolic, Old Clean Group (N = 28) 










BVRP Tine 3 


Age 
D14 

tvery positive D 
changes to T2 


.01 
-13.84 


.07 
.38 


.00 
.15 


Systolic, Old Clean Graip (N = 33) 










BVRT TinB 3 


Age 
D51 

X S change 
to T3 


-.06 
-1.23 


.08 
.47 


.00 
.22 
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BVRT Tine 3 



BVRT Change T2-T3 



BVRP Change T2-T3 



BVRT Change T1-T3 



BVRT Change T1-T3 



BVRT Change T1-T3 



BVRT Change T1-T3 
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Age -.08 .08 .00 

D57 -19.74 .43 .18 

#positive S changes 
to T3 

Age .02 .14 .01 

D27 -.26 .40 .15 

X S change 
from T2-3 

Age .02 .14 .01 

D33 -7.63 .42 .17 

^positive S changes 
fran T2-3 

Age .17 .07 .00 

D3 .43 .37 .14 

X S changes 
to T2 

Age .15 .07 .00 

Dll -8.71 .39 .15 

#negative S changes 
to T2 

Age .23 .07 .00 

D23 .35 .41 .17 

X very negative S 
changes to T2 

Age .07 .07 .00 

D51 -.98 .37 .14 

X S change 
to T3 



9.9 



Diastolic^ Young Group (N = 55) 



BVEOT Change T1-T2 



BVRT Change T1--T3 

Systolic^ Young Group (N = 59) 
BVEO? Time 3 

BVRi' Change T2-T3 

BVRT Change T1-T3 
BVRT Change T2-T3 
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Age .U .23 .05 

D2 .10 .35 . .07 

Highest D change 
to T2 

Age -.02 .00 .00 

D2 .10 .28 .08 

Highest D change 
to T2 



Age .04 .09 .00 

D47 -.08 .27 .07 

X negative S change 
weighted, from T2-3 

Age -.13 .27 .07 

D19 .11 .36 .06 

X negative S change 
weighted, to T2 

Age .02 .00 .00 

D59 4.50 .28 .08 

fnegative S changes 
to T3 

Age -.13 .27 .07 

D15 -2.94 .38 .07 

#very negative S changes 
to T2 
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BVRT Change T1-T2 

Diastolic, Young Clean Group (N = 32) 
BVRT Tinse 2 

BVRT Change T2-T3 

BVRT Change T2-T3 

BVRT Tine 2 

Systolic, Young Clean Grcxap (N = 35) 
BVRT Change T2-T3 
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.13 .22 .05 
_ 4.03 .37 .08 

Svery negative S changes 
to T2 



nf .25 .06 

- -.28 .47 . .22 

Root of X squared D 
change to T2 

Age -.11 .21 .04 

_ .29 .43 .14 

Root of X squared D 
change to T2 

^e -.11 .21 .04 

5.39 .46 .17 

fvery negative D 
changes to T2 



.12 .25 

D16 

#very negativ 
changes to T2 



-5.13 .49 .18 

#very negative D 



Jge -.05 .20 .04 

D17 -.22 .39 .11 

X S positive change 
weighted, to T2 
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Table 3 



Smtirary of Significant MR Analyses Relating Age, Blood Pressure and WAIS-V, 
by Model 



Model 1 



Dqpaident Variable Ind^>endait Variables 
(level/change, (Age, D or S pressure) 

ordered by time) (level/change, ordered 

by time) [Delta (trans- 
fomed) variables 
indicated by ''Dn"] 



B m r2 change 



WMS-V Tirce 1 


Age 


.201 


.11 


.01 


(All 3s, N=129) 


Systolic Time 1 


-.199 


.19 


.02 




Diastolic Tims 1 


.224 


.25 


.04 


(N=290) (All Ss) 










WAIS-V Tine 3 


Age 


-.04 


.03 


.00 




DlO 


-5.13 


.12 


.01 




# tX!>sitive D nhanap<; 








WAIS-V Time 3 


Age 


-.03 


.03 


.00 




D8 


.29 


.14 


.01 




X D change from T2-3 








WAIS-V Tjjie 3 


Age 


-.03 


.03 


.00 




D40 


-5.64 


.11 


.01 




# drops D from T2-3 








WAIS-V Tine 3 


Age 


-.02 


.03 


.00 




D36 


-4.31 


.13 


.01 




# drops D from T2-3 








WAIS-V Tine 3 


Age 


-.03 


.03 


.00 




D48 


.21 


.15 


.02 
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Mcdel 6 (cxait'd.) 

WaiS-V Time 3 Age -.03 .03 .00 

D44 . .34 .12 .01 

X very negative D change froa T2-3 

WAIS-V Time 3 Age -.03 .03 .00 

D35 -5.38 .14 .02 

X negative S change from T2-3 

WAIS-V Change 2-3 Age -.02 .11 .01 

D25 -.05 .18 .02 

Highest change S from T2-3 

WAIS-V Change 2-3 Age -.03 .11 .01 

D31 -.08 .17 .01 

Root X sq. S change from T2-3 

WAIS- Change 2-3 Age -.03 .11 .01 

D37 -3.74 .17 .02 

# very positive S changes from T2-3 
WAIS-V Change 2-3 Age -.03 .11 .01 

D41 -.13 .19 .02 

X S change weighted for high, from T2-3 

WAIS-V Change 2-3 Age -.04 .11 .01 

D64 -4.34 .16 .01 

# low D changes to T3 
WAIS-V Change 2-3 Age -.04 .11 .01 

D68 .30 .17 .01 

^ X D changes very lew weighted to T3 
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WAIS-V Change 1-3 ' 


Age 




.27 


.07 




D64 


-6.17 


.31 


.02 




# low D changes to T3 








WAIS-V Change 1-3 


Age 


-.11 


.27 


.07 




(D68) 


.39 


.31 


.02 




X D change weighted low to T3 








VJAIS-V Change 1-3 


Age 


-.11 


.27 


.07 




(D72) 


.17 


.30 


.02 




X D change weighted low to T3 








cdel 7 










Linear Relations 










(N) 










34 (YC) W2VIS-V Time 3 


T^e 


-.06 


.03 


.00 




Systolic Time 3 


-.36 


.40 


.16 


32 (YC) W2VIS-V Time 3 


Age 


-.26 


.03 


.00 




Diastolic Time 3 


-.52 


.47 


.22 


28 (Old) WAIS-V Change 


1-3 Age 


-.11 


.03 


.00 




Systolic change 1-3 


.08 


.42 


.17 


17 (CC) WAIS-V Change 


1-3 Age 


-.26 


.00 


.00 




Systolic change 1-3 


.13 


.60 


.36 


70 (AC) WAIS-V Time 3 


Age 


-.05 


.01 


.00 




Systolic change 1-3 


.13 


.32 


.10 


11 (YC) WAIS-V Time 3 


Rge 


-1.19 


.02 


.00 




Systolic change 1-2 


.72 


.73 


.53 
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32 (YC) WAIS-V Tine 3 


Acje 


• 00 


.02 


.00 




Systolic change 2-3 


-.36 


.37 


.13 


31 (Old) WAIS-V Tine 3 




AO 


HQ 


.UU 




Systolic change 1-2 


- 97 




HA 




Diastolic change 1-2 


.49 


45 


16 


32 (YC) WMS-V Tims 3 


Age 


05 


0*^ 


nn 




Diastolic Tiine 1 








xilinear Relations 










Diastolic, All Clean Group (N=158) 








WMS-V Tine 3 


Age 


-.00 


.01 


.01 




D4 


-.54 


.17 


.03 




X change to T2 








WAIS-V Time 3 


Age 




.01 


.00 




DIO 


-7.42 


.16 


.02 




# positive changes to T2 








WAIS-V Time 3 


Age 


-.00 


.01 


.00 




D24 


-.35 


.17 


.03 




X change, negatives weighted, to T2 






WMS-V Tine 3 


Age 


.00 


.01 


.00 




D58 


-11.06 


.16 


.02 




# positive changes to T3 








WAIS-V Change T2-T3 


Age 


-.03 


.12 


.01 




D64 


-6.64 


.21 


.03 



# very negative changes to T3 
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WM3-V Change T1-T3 



ERIC 



Age 
D64 



-.13 .32 
-6.62 .35 



# very negative changes to T3 



Systolic, All Clean Group (1^158) 
WAIS-V Change Tl-Tl Age 



WAIS-V Change T2^?3 



WaiS-V Change T2-T3 



WAIS-V Changs T2-T3 



WAIS-V Change T2-T3 



WAIS-V Change T2^?3 



WAIS-V Change T2-T3 



-.09 .22 
-3.33 .27 



Dll 

# negative changes 03 T2 

Age -.02 .12 

D25 -.06 .21 

Highest change from T2-3 

Age -.03 .12 

D29 -.00 .20 

X squared change from T2-3 

Age -.02 .12 

D31 -.11 .21 

Root of squared change f ran T2-3 

Age -.03 .12 

D37 -5.72 .22 

# very positive changes Jrcm T2-3 

Age -.03 .12 

D41 <'.18 .22 

X changes positives weighted from T2-3 
Age -.02 .12 

D49 -.06 .19 

Highest change to T3 
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.10 
.02 



.04 
.03 

.01 
.03 

.01 
.03 

.01 
.03 

.01 
.04 

.01 
.04 

.01 
.02 
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ViMS-V Change T2-T3 Age -.02 .12 .01 

D55 -.13 .19 .02 

Rc»t squared change to T3 

WaiS-V Change T1-T3 iige -.14 .32 .10 

DLL -3.13 .35 .02 

# negative changes to T2 
Diastolic, Old Group (N=62) 

waiS-V Time 3 Age .22 .09 .00 

D26 .51 .34 .11 

Highest change from T2-3 

KMS-V Tims 3 Age .20 .09 .00 

D44 1.04 .26 .07 

X change very negative changes weighted, from T2-3 

WRIS-V Tine 3 Age .15 .09 .00 

D28 1.17 .38 .14 

X change from T2-3 

WAIS-V Tine 3 Age .17 .09 .00 

D46 .60 .32 .10 

X change very positive changes weighted, frcm T2-3 

WAIS-V Tine 3 Age .17 .09 .00 

D48 .81 .39 .15 

X change very negative change weighted, from T2-3 

WAIS-V Tims 3 Age .17 .09 .00 

D36 -18.48 .36 .13 

# negative changes frcm T2-3 
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WAIS-V Change T2-T3 ftge .02 .00 .00 

D6 -.01 .27 .07 
X squared change to T2 

HMS-V Change T2-T3 Age .03 .00 .00 

D8 -.32 .29 .08 
Root squared change to T2 

.HMS-V Change T1-T3 Age .01 .03 .00 

D2 -.24 .29 .08 
Highest change to T2 

WAIS-V Change T1-T3 Age -.02 .03 .00 

D18 -.60 .26 ,07 
X change very positive weighted, to T2 

WAIS-V Change T1-T3 Age -.03 .03 .00 

D58 11.60 .29 .08 

# positive changes to T3 
SystoliCr Old Group (N=62) 

WAIS-V Time 3 Age .23 .09 .00 

D33 14.68 .28 .08 

# positive changes fran T2-3 

W2\IS-V Change T2-T3 Age -.00 .00 .00 

D33 4.79 .24 .06 

# positive changes fron T2-3 

WAIS-V Change T2-T3 Age .02 .00 .00 

D57 9.79 .27 .07 

# positive changes to T3 

mc no 



Models 
82 

WaiS-V Change T1-T3 Age -.00 .03 .00 

D71 .31 .25 .06 

X change very negative weighted, to T3 

Diastolic/ Old Clean Group (N=37) ' 

WaiS-V Change T1-T3 Age .12 .00 .00 

D2 -.38 .45 .20 

Highest change to T2 
RAIS-V Change T1-T3 Age .02 .00 .00 

D18 -.81 .36 .13 

X change very positive changes weighted, to T2 
WAIS-V Change T1-T3 ftge .03 .00 .00 

D22 -.51 .39 .15 

X change very positive changes weighted, to T2 

Systolic, Old Clean Group (N=37) 

HAIS-V Change T1-T2 Age .17 .15 .02 

Dl -.10 .34 .10 

Highest change to 12 
WAIS-V Change T1-T2 Age .16 .15 .02 

D7 -.19 .37 .12 

Root squared changes to T2 
WAIS-V Change T1-T2 Age .19 .15 .02 

D15 -10.97 .40 .14 

# very negative changes to T2 
WaiS-V Change T1-T2 Age .18 .15 .02 
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D19 .39 .37 .11 

X change very negative changes weighted, to T2 
WaiS-V Change T2-T3 Age -.36 .15 .02 

D33 13.92 .62 .37 

# positive changes fron T2~3 

WAIS-V Change T2-^r3 Age -.16 .15 .02 

D57 21.93 .54 .27 

# positive changes to T3 

WAIS-V Change T2-T3 Age -.23 .15 .02 

D35 -10.29 .42 .15 

# negative changes frcai T2-3 

WAIS-V Change T1-T3 Age .02 .00 .00 

D65 -.45 . 31 .10 

X change very positive changes weighted, to T3 
WAIS-V Change T1-T3 Age .02 . 00 .00 

D7 -.20 .32 .10 

Root squared change to T2 
WAIS-V Change T1-T3 Age .03 .00 .00 

D55 -.24 .32 .10 

Root squared change to T3 
WAIS-V Change T1-T3 Age .02 .00 .00 

D67 .56 .32 .10 

X change very negative changes weighted, to T3 
WAIS-V Change Ti-T3 Age .01 .00 .00 

D71 .58 .38 .14 

^ X change very negative changes weiahted, to T3 
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Diastolic^ Ycxing Group 

Systolic, Ycfung Group (ij=61) 

WaiS-V Time 3 flge -.27 .07 .00 

D31 -.45 .26 .07 
Root squared change from T2-3 
Diastolic, Young Clean Group (N=34) 

.waiS-V Time 3 Age -.39 .03 .00 

DIO -17.65 .34 .12 

# positive changes to T2 

WMS-V Tine 3 Age -.43 .03 .00 

D52 -3.01 .44 .19 
X change to T3 

WAIS-V Time 3 Age -.22 .03 .00 

D72 -1.52 .36 .13 
X very negative change weighted, to T3 

WAIS-V Change Tl-T-2 Age -.24 .22 .05 

D2 .37 .42 .13 
Highest change to T2 

WAIS-V Change T1-T2 Age -.14 .22 .05 

D12 -8.29 .39 .10 

# negative changes to T2 

Systolic, Young Clean Group (t}=34) 

WRIS-V Tims 3 Age -.05 .03 .00 

D27 -.71 .33 .11 
X change from T2-3 
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WAIS-V Time 3 . Age -.00 .03 .00 

D33 -17.37 .41 .17 

# positive changes from T2-3 

^miS-V Tine 3 Age -.10 .03 .00 

D45 -.61 .35 .12 
X change very positive change weighted, from T2-3 

WAIS-V Tims 3 Age -.00 .03 .00 

D57 -27.32 .36 .13 

# positive changes to T3 



114 



